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(57) ABSTRACT

A battery management system (BMS) and a method of con-
trolling the same are disclosed. In one embodiment, the BMS
includes a reference setup unit configured to set a charge
completion value used to calculate a state of health (SOH) of
the battery, wherein the battery comprises one or more battery
packs each including a plurality of battery cells, and a charge
amount calculation unit configured to calculate an amount
actually charged in the battery from a first point in time when
charging of the battery begins to a second point in time when
the battery charging actually reaches the charge completion
value. The BMS may further include an SOH calculation unit
configured to calculate the SOH of the battery based on a ratio
of 1) the actual charge amount to ii) a preset charge amount
expected to be charged from the first time point to the second
time point.

20 Claims, 3 Drawing Sheets
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FIG. 2
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FIG. 4

PERFORM LOW-SPEED CHARGING  |— 400
OR HIGH-SPEED CHARGING

1

SET EXPECTED CHARGE AMOUNT  }— 402

!
CALCULATE ACTUAL CHARGE AMOUNT | 404

!
CALCULATE SOH BASED ON RATIO
BETWEEN ACTUAL CHARGE AMOUNT | 444
AND EXPECTED CHARGE AMOUNT

END



US 9,170,305 B2

1
BATTERY MANAGEMENT SYSTEM AND
METHOD OF CONTROLLING THE SAME

RELATED APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2011-0032190, filed on Apr. 7, 2011, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND

1. Field

The described technology generally relates to a battery
management system (BMS), and more particularly, to a BMS
having a function of detecting the lifetime of a battery used in
electric or hybrid vehicles, and a method of controlling the
BMS.

2. Description of the Related Technology

Vehicles using an internal combustion engine cause serious
environmental problems due to air pollution. Thus, to reduce
harm to the environment, much effort is being made on devel-
oping all electric, hybrid or plug-in hybrid vehicles (xEVs).

Electric vehicles use a motor powered by a battery as a
driving source, instead of an internal combustion engine, and
thus, they generate no exhaust gas and little noise. Such an
electric vehicle battery generally includes a plurality of sec-
ondary battery cells that are rechargeable and dischargeable
and formed into one pack or module.

Hybrid vehicles are a hybrid form of electric vehicles and
internal combustion engine vehicles. Also, research is under-
way on mixed-type hybrid vehicles which use an internal
combustion engine and fuel cells for directly obtaining elec-
tric energy from chemical reactions while continuously sup-
plying hydrogen and oxygen, or using a battery and fuel cells.

Since the performance of a battery directly influences the
performance of electric vehicles, the performance of each
battery cell also affects the overall performance of such
vehicles.

SUMMARY

One inventive aspect is a battery management system
(BMS) capable of efficiently managing a charge or discharge
state of each battery cell by measuring a voltage of each
battery cell, or a voltage and a current of a battery.

Another aspect is a battery management system (BMS)
capable of calculating a state of health (SOH) of a battery
under restricted conditions, and a method of controlling the
same.

Another aspect is a battery management system (BMS) of
an electric vehicle having a battery including at least one pack
formed of a plurality of battery cells, and using the battery as
a power source, includes a reference setup unit for setting a
charge termination value used to calculate a state of health
(SOH) of the battery; a charge amount calculation unit for
calculating an amount actually charged in the battery from a
point of time when charging of the battery is started to a point
of'time when the charge termination value is actually reached;
and an SOH calculation unit for calculating the SOH of the
battery with reference to a ratio between the actual charge
amount and a preset expected charge amount from the point
of time when the charging is started and a point of time when
the charge termination value is expected to be reached.

The charging of the battery may include low-speed charg-
ing or high-speed charging.
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The charge termination value may be a reference voltage of
the battery.

The charge termination value may be a state of charge
(SOC) of the battery.

The SOH calculation unit may calculate the SOH of the
battery as represented in Equation 1.

AR Actual_tnput [Equation 1]
Aging= AR pctual_tnpur _ ASOC o 1 ref2 _ Al pged
Ahppected_inpw AMEpected_mpe  Ahgor,
ASOC o1 rep2
Here, Ahy 01 pipu=AN g0, may refer to an actual charge

amount,and Ahg, . rei ppu~ANg o, may refer to an expected
charge amount.

Another aspect is a method of controlling a battery man-
agement system (BMS) of an electric vehicle having a battery
including at least one pack formed of a plurality of battery
cells, and using the battery as a power source, includes charg-
ing the battery; calculating an amount actually charged in the
battery from a point of time when the charging of the battery
is started to a point of time when a charge termination value is
actually reached; and calculating a state of health (SOH) of
the battery with reference to a ratio between the actual charge
amount and a preset expected charge amount from the point
of time when the charging is started and a point of time when
the charge termination value is expected to be reached.

The method may further include setting the charge termi-
nation value used to calculate the SOH of the battery.

The method may further include estimating a distance to
empty (DTE) of the vehicle with reference to the calculated
SOH.

The method may further include a state of charge (SOC) of
the battery with reference to the calculated SOH.

The charge termination value may be a reference voltage of
the battery.

The charge termination value may be an SOC of the bat-
tery. Another aspect is a battery management system (BMS)
of an electric vehicle having a battery, the BMS comprising:
a reference setup unit configured to set a charge completion
value used to calculate a state of health (SOH) of the battery,
wherein the battery comprises one or more battery packs each
including a plurality of battery cells; a charge amount calcu-
lation unit configured to calculate an amount actually charged
in the battery from a first point in time when charging of the
battery begins to a second point in time when the battery
charging actually reaches the charge completion value; and
an SOH calculation unit configured to calculate the SOH of
the battery based on a ratio of i) the actual charge amount to
ii) a preset charge amount expected to be charged from the
first time point to the second time point.

In the above BMS, the charging of the battery comprises
low-speed charging or high-speed charging. In the above
BMS, the charge completion value is a reference voltage of
the battery. In the above BMS, the reference voltage is a
voltage of the battery when fully charged. 5. The BMS of
claim 1, wherein the charge completion value is a state of
charge (SOC) of the battery. In the above BMS, the SOC is
about 100% at the charge completion value.

In the above BMS, the SOH calculation unit calculates the
SOH of the battery as represented in Equation 1.
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AP pctual_tnput [Equation 1]

Aging= Ahgcuat_tnpe ASOCrerinrery Ahggey

Ahppecred_inpr ANEpeciea_mpu  Ahgor
ASOC p15rer2

wherein Ah,
amount, and
charge amount.

The above BMS further comprises a communication unit
configured to communicate the state of the battery to a con-
troller of the BMS based on the calculated SOH.

Another aspect is a method of controlling a battery man-
agement system (BMS) of an electric vehicle having a battery,
the method comprising: charging the battery, wherein the
battery comprises one or more battery packs each including a
plurality of battery cells; calculating an amount actually
charged in the battery from a first point in time when the
charging of the battery begins to a second point in time when
the battery charging actually reaches a charge completion
value; and calculating a state of health (SOH) of the battery
based on a ratio of i) the actual charge amount to ii) a preset
charge amount expected to be charged from the first time
point to the second time point.

The above method further comprises setting the charge
completion value used to calculate the SOH of the battery.
The above method further comprises estimating a distance to
empty (DTE) of the vehicle based on the calculated SOH. The
above method further comprises calculating a state of charge
(SOC) of the battery based on the calculated SOH. In the
above method, the charge completion value is a reference
voltage of the battery.

In the above method, the charge completion value is a value
measured when the battery is initially used after being pro-
duced. In the above method, the charge completion value is a
value measured while the battery is being charged when the
battery is initially used. In the above method, the charge
completion value is an SOC of the battery.

Another aspect is a battery management system (BMS) of
an electric vehicle having a battery, the BMS comprising: a
reference setup device configured to set a charge completion
value, wherein the battery comprises at least one battery pack;
a charge amount calculator configured to calculate an amount
actually charged in the battery during a time period; and an
SOH calculator configured to calculate the SOH of the battery
based on a ratio of i) the actual charge amount to ii) a preset
charge amount expected to be charged during the time period.

In the above BMS, the time period is defined between a first
point in time when charging of the battery begins and a second
point in time when the battery charging actually reaches the
charge completion value. The above BMS further comprises
a communication unit configured to communicate the state of
the battery to a controller of the BMS based on the calculated
SOH.

In the above BMS, the SOH calculation unit calculates the
SOH of the battery as represented in Equation 1.

Ah,,., refers to an actual charge

ctualilnput:
Ah =Ahg,,, refers to an expected

‘Expected_Input

AR ctual_tnput [Equation 1]

Ahgcuat_tnpe ASOCrerinrery Ahggey

Aging = = =
Ahpspected_inpwr AMExpected_mpwe  Ahgor,

ASOC o1 rep2

wherein Ah, ,..; 5. ~Ah g, refers to an actual charge
amount, and Ah, =Ahg,,, refers to an expected

‘Expected_Input
charge amount.

10

15

20

25

30

35

45

55

60

65

4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a battery, a battery man-
agement system (BMS), and peripheral devices of the BMS,
according to an embodiment.

FIG. 2 is a schematic diagram of a main control unit
(MCU) illustrated in FIG. 1.

FIG. 3 is a graph for describing a method of estimating a
state of health (SOH) of a battery, according to an embodi-
ment.

FIG. 4 is a flowchart of a method of controlling a BMS,
according to an embodiment.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying draw-
ings, wherein like reference numerals refer to like elements
throughout. The described embodiments may have different
forms and should not be construed as being limited to the
descriptions set forth herein.

FIG. 1 is a schematic diagram of a battery 2, a battery
management system (BMS) 1, and peripheral devices of the
BMS 1, according to an embodiment.

As illustrated in FIG. 1, a vehicle system includes the BMS
1, the battery 2, a current sensor 3, a cooling fan 4, a fuse 5, a
main switch 6, an engine control unit (ECU) 7, an inverter 8,
and a motor generator 9. The vehicle system may include
additional elements or omit some of the above elements
depending on the embodiment.

Initially, the battery 2 includes a plurality of sub-packs 2a
through 2/ in each of which a plurality of battery cells are
connected in series, output terminals 2_OUT1 and 2_OUT2,
and a safety switch 2_SW disposed between the sub-packs 2d
and 2e. Here, although eight sub-packs are included and each
sub-pack includes a group of a plurality of battery cells, they
are not considered limiting. Also, the safety switch 2_SW is
disposed between the sub-packs 24 and 2¢ and may be manu-
ally turned on or off to replace or operate the battery 2 to
ensure the safety of a worker. Although the safety switch
2_SW is disposed between the sub-packs 2d and 2e, the safety
switch 2_SW may be installed in other positions. In one
embodiment, the output terminals 2_OUT1 and 2_OUT2 are
electrically connected to the inverter 8.

The current sensor 3 measures and outputs an output cur-
rent of the battery 2 to a sensing unit 10 of the BMS 1. The
current sensor 3 may be a hall current transformer (CT) for
measuring a current with the use of, for example, a Hall effect
sensor and outputting an analog current signal corresponding
to the measured current.

The cooling fan 4 cools heat generated due to charging or
discharging of the battery 2, based on a control signal
received from the BMS 1, and thus prevents deterioration of
the battery 2 and reduction in charge or discharge efficiency
that may be caused by an increase in temperature.

The fuse 5 prevents an over current being provided to the
battery 2. In one embodiment, if an over current is generated,
the fuse 5 is broken to block the over current from being input
to the battery 2.

The main switch 6 turns on or off the battery 2 based on a
control signal received from the BMS 1 or the ECU 7 of the
vehicle if an abnormal phenomenon such as an over voltage,
an over current, or a high temperature occurs.

In one embodiment, the BMS 1 includes the sensing unit
10, a main control unit (MCU) 20, an internal power supply
unit 30, a cell balancing unit 40, a storage 50, a communica-
tion unit 60, a protection circuit unit 70, a power-on resetting
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unit 80, and an external interface 90. The BMS 1 may include
additional elements or omit some of the above elements
depending on the embodiment.

In one embodiment, the sensing unit 10 obtains and trans-
mits information regarding a pack current, a pack voltage, a
cell voltage, a cell temperature, and a cell ambient tempera-
ture to the MCU 20.

In one embodiment, the MCU 20 calculates a state of
charge (SOC) of the battery 2 based on the information
regarding the pack current, the pack voltage, the cell voltage,
the cell temperature, and the cell ambient temperature
received from the sensing unit 10, and generates information
regarding the SOC of the battery 2. In this embodiment, when
the battery 2 is charged, the MCU 20 calculates a state of
health (SOH) of the battery 2 based on an actual charge
amount and an expected charge amount of the battery 2. Since
the SOH is calculated under restricted conditions, e.g., when
the battery 2 is charged, in comparison to calculating varia-
tions in resistance of the battery 2 while the vehicle is moving,
it is generally an accurate calculation. During vehicle move-
ment, it may not be easy to accurately calculate the SOH. In
one embodiment, estimating of the SOH or an aging level of
the battery 2 is an important factor in calculating remaining
power or the SOC of the battery 2, or estimating a distance to
empty (DTE) of the vehicle using the battery 2 as a power
source, e.g., an electric vehicle or a hybrid vehicle. The SOH
calculation will be described below with reference to FIGS. 2
and 3. The MCU 20 uses the calculated SOH to calculate the
DTE of the vehicle or the SOC of the battery 2.

The internal power supply unit 30 generally supplies power
from an auxiliary battery to the BMS 1. The cell balancing
unit 40 balances the SOC between cells. That is, the cell
balancing unit 40 may discharge a cell having a relatively
high level of the SOC and may charge a cell having a rela-
tively low level of the SOC. The storage 50 stores data such as
acurrent SOC and a current SOH when the BMS 1 is powered
off. Here, the storage 50 may be an electrically writable and
erasable non-volatile storage such as electrically erasable
programmable read-only memory (EEPROM). The commu-
nication unit 60 communicates with the ECU 7 of the vehicle.
The communication unit 60 transmits information regarding
the SOC and the SOH from the BMS 1 to the ECU 7, or
transmits information regarding the vehicle from the ECU 7
to the MCU 20. The protection circuit unit 70 protects the
battery 2 from an external impact, an over current, a low
voltage, etc. by using, for example, firmware. The power-on
resetting unit 80 resets the whole vehicle if the BMS 1 is
powered on. The external interface 90 is a device for connect-
ing auxiliary devices of the BMS 1, e.g., the cooling fan 4 and
the main switch 6, to the MCU 20. Although only the cooling
fan 4 and the main switch 6 are illustrated, the BMS 1 may
include other auxiliary devices.

In one embodiment, the ECU 7 checks a current state of the
vehicle based on information regarding, for example, an
accelerator, a break, and a speed of the vehicle, and deter-
mines information regarding, for example, required torque.
For example, the current state of the vehicle includes a key-on
state, a key-off state, a constant speed state, or an accelerating
state. The ECU 7 transmits information regarding the current
state of the vehicle to the communication unit 60 of the BMS
1. The ECU 7 controls an output of the motor generator 9 to
match torque information. For example, the ECU 7 controls a
switch of the inverter 8 to control the output of the motor
generator 9 to match the torque information. Also, the ECU 7
receives the information regarding the SOC of the battery 2
from the MCU 20 via the communication unit 60 of the BMS
1 and controls the SOC of the battery 2 to a target value (for
example, about 55%). In one embodiment, if the information
regarding the SOC transmitted from the MCU 20 represents a
value less than or equal to about 55%, the ECU 7 controls the

30

40

45

50

55

6

switch of the inverter 8 to charge the battery 2 by outputting
power toward the battery 2. In this case, a pack current Ip has
a negative (-) value. In another embodiment, if the informa-
tion regarding the SOC represents a value greater than about
55%, the ECU 7 controls the switch of the inverter 8 to
discharge the battery 2 by outputting power toward the motor
generator 9. In this case, the pack current Ip has a positive (+)
value.

The inverter 8 allows the battery 2 to be charged or dis-
charged, based on a control signal received from the ECU 7.

The motor generator 9 drives the vehicle based on the
electric energy of the battery 2 and the torque information
received from the ECU 7.

The ECU 7 may prevent the battery 2 from being over-
charged or overdischarged by charging or discharging the
battery 2 by a chargeable or dischargeable amount of power
based on the SOC of the battery 2, and thus may allow the
battery 2 to be efficiently used for a long time. However, since
the information regarding the SOC of the battery 2 may not be
easily obtained after the battery 2 is mounted on the vehicle,
in one embodiment, the BMS 1 accurately estimates and
transmits the information regarding the SOC to the ECU 7 by
using the information regarding the pack current, the pack
voltage, the cell temperature, etc., which is obtained by the
sensing unit 10.

FIG. 2 is a schematic diagram of the MCU 20 illustrated in
FIG. 1.

Referring to FIG. 2, the MCU 20 includes a charge amount
calculation unit 21, a reference setup unit 22, and an SOH
calculation unit 23. Here, although the above elements are all
included in the MCU 20, they are not considered limiting, for
example, the above elements may be included inthe BMS 1 or
an external device.

The charge amount calculation unit 21 calculates a charge
amount of the battery 2. In one embodiment, charging
includes low-speed charging or high-speed charging, and the
charge amount is calculated by measuring an amount actually
charged in the battery 2, i.e., an actual charge amount, from a
point in time (or a first point in time) when charging begins to
a point in time (or a second point in time) when the battery
charging actually reaches a charge termination value (or a
charge completion value) such as a reference voltage of the
battery 2, e.g., about 300V, or a reference SOC of the battery
2, e.g., SOC of about 100%.

The reference setup unit 22 sets the charge termination
value. The reference setup unit 22 sets the charge termination
value to be reached when the battery 2 is charged. Here, the
charge termination value may be a full charge voltage or SOC
about 100% of the battery 2.

The SOH calculation unit 23 calculates an SOH of the
battery 2 based on a ratio between the actual charge amount
calculated by the charge amount calculation unit 21 and an
amount expected to be charged in the battery 2, i.e., an
expected charge amount, from the point of time when the
charging begins to a point of time when the charge termina-
tion value is expected to be reached. In one embodiment, the
SOH calculation unit 23 calculates the SOH as represented in
Equation 1 below.

Ahsctual_tnput (Equation 1)
_ ASOCyeiorer2 Ahagea
Ahgspected_inpwr AMEpected_inpe Ahgor

ASOC 51 5re2

AhAcrualanm

Aging=

Here, aging has the same meaning as an SOH.
AWy piar_gmpui=ADyg refers to an actual charge amount, and
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Ahgyocrea_mpui~Ahp oy refers to an expected charge amount.
An example according to Equation 1 will now be described
with reference to FIG. 3.

Referring to FIG. 3, Actual_Input_Ah is an amount actu-
ally charged in a battery, i.e., an actual charge amount, from a
point of time t0 to a point of time t2 when a reference voltage
or a reference SOC used to calculate an SOH is actually
reached. Expected_Input_Ah is an amount expected to be
charged in the battery, i.e., an expected charge amount, from
the point of time t0 to a point of time t1 when the reference
voltage or the reference SOC used to calculate the SOH is
expected to be reached. For example, when an SOC at the
point of time to is 20% and the reference SOC used to calcu-
late the SOH is 100%, if the expected charge amount from the
point of time t0 to the point of time t1 is 80 Ah and the actual
charge amount from the point of time t0 to the point of time t2
is 64 Ah, Ah, ., and Ahg,,, are respectively calculated as
represented in Equations 2 and 3 below. In Equations 2 and 3,
Ah means ampere-hour.

ARactual_inpur (Equation 2)

Ah =——————=— =80[Ah
A = R 50C ., 08 A
Ahepected_inpur 80 (Equation 3)
Ahgor = TASOCoon 08 100[A4]
IfAh,, ., ,and Ahg,,; calculated by using Equations 2 and 3

are substituted in Equation 1, the SOH is calculated as 0.8.
Here, 0.8 is a value regarded as an SOH index, an aging factor,
or an aging level. In one embodiment, if the SOH is greater
than a certain level (e.g., about 0.55), the BMS can determine
that the battery is in a good condition. In another embodiment,
if the SOH is less than a certain level (e.g., about 0.3 or about
0.4), the BMS can determine that the battery is in a poor
condition. In another embodiment, if the SOH is in a certain
range (e.g., about 0.4 to about 0.55), the BMS can determine
that the battery is in an intermediate state. In the above
embodiments, the communication unit 60 may communicate
the state of the battery to the ECU 7 of the vehicle, wherein the
communication may include, but not limited to, a warning
signal. Depending on the embodiment, the above numbers
may change.

Although the initial SOC is set as 20% and the reference
SOC is set as 100% in the above example, they are not
considered limiting. Also, in addition to the reference SOC, a
battery reference voltage or a battery full charge voltage may
be set as the reference voltage.

FIG. 4 is a flowchart of a method of controlling a BMS
according to an embodiment. Depending on the embodiment,
the order of the operations shown in FIG. 4 may be changed,
certain operations may be omitted, and additional operations
may be added.

Referring to FIG. 4, in operation 400, low-speed charging
or high-speed charging is performed. Here, an SOH of a
battery is calculated while the battery is being charged, and
the battery is not limited to the low-speed or high-speed
charging.

In operation 402, an expected charge amount is set. The
expected charge amount is an amount expected to be charged
in the battery from a point of time when charging begins to a
point of time when a charge termination value is expected to
be reached. Here, the charge termination value may be arbi-
trarily set, and may be set as a battery SOC or a battery
voltage. For example, the charge termination value may be set
as a battery SOC of about 100% or a battery voltage of about
300 V, and may be a value measured when the battery is
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initially used after being produced, or a value measured while
the battery is being charged when the battery is initially used.

In operation 404, an amount actually charged in the battery
is calculated according to the charging performed in opera-
tion 400. As discussed above, an actual charge amount is an
amount actually charged from the time point when the charg-
ing begins to the time point when the battery charging actu-
ally reaches the charge termination value.

In operation 406, an SOH is calculated based on a ratio
between the actual charge amount calculated in operation 404
and the expected charge amount set in operation 402. Here,
the SOH is calculated as represented in Equation 1.

Although not shown in FIG. 4, the method may further
comprise estimating an SOC or calculating a DTE of'a vehicle
by using the calculated SOH.

The device described herein may comprise a processor, a
memory for storing program data and executing it, a perma-
nent storage device such as a disk drive, a communications
port for handling communications with external devices, and
user interface devices, including a touch panel, keys, buttons,
etc. When software modules or algorithms are involved, these
software modules may be stored as program instructions or
computer readable codes executable on the processor on a
computer-readable medium. Examples of the computer read-
able recording medium include magnetic storage media (e.g.,
ROM, floppy disks, hard disks, etc.), and optical recording
media (e.g., CD-ROMs, or DVDs). The computer readable
recording medium can also be distributed over network
coupled computer systems so that the computer readable code
is stored and executed in a distributed fashion. This media can
be read by the computer, stored in the memory, and executed
by the processor.

All references, including publications, patent applications,
and patents, cited herein are hereby incorporated by reference
to the same extent as if each reference were individually and
specifically indicated to be incorporated by reference and
were set forth in its entirety herein.

For the purposes of promoting an understanding of the
principles of the invention, reference has been made to
embodiments illustrated in the drawings, and specific lan-
guage has been used to describe these embodiments. How-
ever, the disclosed embodiments are not considered limiting
and are intended to encompass variations and modifications
that would normally occur to one of ordinary skill in the art.

At least one of the disclosed embodiments may be
described in terms of functional block components and vari-
ous processing steps. Such functional blocks may be realized
by any number of hardware and/or software components con-
figured to perform the specified functions. For example, at
least one of the disclosed embodiments may employ various
integrated circuit components, e.g., memory elements, pro-
cessing elements, logic elements, look-up tables, and the like,
which may carry out a variety of functions under the control
of one or more microprocessors or other control devices.
Similarly, where embodiments are implemented using soft-
ware programming or software elements, they may be imple-
mented with any programming or scripting language such as
C, C++, Java, assembler, or the like, with the various algo-
rithms being implemented with any combination of data
structures, objects, processes, routines or other programming
elements. Functional aspects may be implemented in algo-
rithms that execute on one or more processors. Furthermore,
the disclosed embodiments could employ any number of
conventional techniques for electronics configuration, signal
processing and/or control, data processing and the like. The
words “mechanism”, “element”, “means”, and “configura-
tion” are used broadly and are not limited to mechanical or
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physical embodiments, but can include software routines in
conjunction with processors, etc.

The particular implementations shown and described
herein are illustrative examples and are not considered limit-
ing. For the sake of brevity, conventional electronics, control
systems, software development and other functional aspects
of the systems may not be described in detail. Furthermore,
the connecting lines, or connectors shown in the various
figures presented are intended to represent exemplary func-
tional relationships and/or physical or logical couplings
between the various elements. It should be noted that many
alternative or additional functional relationships, physical
connections or logical connections may be present in a prac-
tical device.

The use of the terms “a” and “an” and “the” and similar
referents in the context of describing the invention (especially
in the context of the following claims) are to be construed to
cover both the singular and the plural. Furthermore, recitation
of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate
value falling within the range, unless otherwise indicated
herein, and each separate value is incorporated into the speci-
fication as if it were individually recited herein. Finally, the
steps of all methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”) provided
herein, is intended merely to better describe disclosed
embodiments and are not considered limiting. Numerous
modifications and adaptations will be readily apparent to
those of ordinary skill in the art without departing from the
spirit and scope of the following claims.

What is claimed is:

1. A battery management system (BMS) of an electric
vehicle having a battery, the BMS comprising:

areference setup unit configured to set a charge completion
value used to calculate a state of health (SOH) of the
battery, wherein the battery comprises one or more bat-
tery packs each including a plurality of battery cells;

a charge amount calculation unit configured to calculate an
amount actually charged in the battery from a first point
in time when charging of the battery begins to a second
point in time when the battery charging actually reaches
the charge completion value; and

an SOH calculation unit configured to calculate the SOH of
the battery, while the battery is being charged, wherein
the SOH of the battery is calculated based on a ratio of1)
the amount actually charged in the battery to ii) a preset
charge amount expected to be charged from the first
point in time to the second point in time,

wherein the charge completion value is a state of charge
(SOC) which is lower than 100%,

or a voltage of the battery which is lower than the voltage
when the battery is fully charged.

2. The BMS of claim 1, wherein the charging of the battery

comprises low-speed charging or high-speed charging.

3. The BMS of claim 1, wherein the charge completion
value is a reference voltage of the battery.

4. The BMS of claim 3, wherein the reference voltage is a
voltage of the battery when fully charged.

5. The BMS of claim 1, wherein the charge completion
value is a state of charge (SOC) of the battery.

6. The BMS of claim 5, wherein the SOC is about 100% at
the charge completion value.

7. The BMS of claim 1, wherein the SOH calculation unit
(operation processing part 50) calculates the SOH of the
battery as represented in Equation 1:
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Ah s ctuatinput [Equation 1]
Aging = AhAcruallr.lpur _ ASOC o 1 ref2 _ Ahpged
Ahg i Ahg Ahgor,

ASOC o1 rep2

wherein Ah, . inpui~AN g4 tefers to an actual charge
amount, and Ahg . reupp~Ahzo, refers to an

expected charge amount.

8. The BMS of claim 1, further comprising a communica-
tion unit configured to communicate the state of the battery to
a controller of the BMS based on the calculated SOH.

9. A method of controlling a battery management system
(BMYS) of an electric vehicle having a battery, the method
comprising:

charging the battery, wherein the battery comprises one or
more battery packs each including a plurality of battery
cells;

calculating an amount actually charged in the battery from
a first point in time when the charging of the battery
begins to a second point in time when the battery charg-
ing actually reaches a charge completion value; and

calculating a state of health (SOH) of the battery, while the
battery is being charged, wherein the SOH of the battery
is calculated based on a ratio of i) the amount actually
charged in the battery to ii) a preset charge amount
expected to be charged from the first point in time to the
second point in time,

wherein the charge completion value is a state of charge
(SOC) which is lower than 100%, or a voltage of the
battery which is lower than the voltage, when the battery
is fully charged.

10. The method of claim 9, further comprising setting the
charge completion value used to calculate the SOH of the
battery.

11. The method of claim 9, further comprising estimating a
distance to empty (DTE) of the vehicle based on the calcu-
lated SOH.

12. The method of claim 9, further comprising calculating
a state of charge (SOC) of the battery based on the calculated
SOH.

13. The method of claim 9, wherein the charge completion
value is a reference voltage of the battery.

14. The method of claim 9, wherein the charge completion
value is a value measured when the battery is initially used
after being produced.

15. The method of claim 9, wherein the charge completion
value is a value measured while the battery is being charged
when the battery is initially used.

16. The method of claim 9, wherein the charge completion
value is an SOC of the battery.

17. A battery management system (BMS) of an electric
vehicle having a battery, the BMS comprising:

a reference setup device configured to set a charge comple-
tion value, wherein the battery comprises at least one
battery pack;

a charge amount calculator configured to calculate an
amount actually charged in the battery during a time
period ending when the battery charging reaches the
charge completion value; and

an SOH calculator configured to calculate the SOH of the
battery, while the battery is being charged, wherein the
SOH of the battery is calculated based on a ratio of i) the
amount actually charged in the battery to ii) a preset
charge amount expected to be charged during the time
period,
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wherein the charge completion value is a state of charge
(SOC) which is lower than 100%,

or a voltage of the battery which is lower than the voltage

when the battery is fully charged.

18. The BMS of claim 17, wherein the time period is 5
defined between a first point in time when charging of the
battery begins and a second point in time when the battery
charging actually reaches the charge completion value.

19. The BMS of claim 17, further comprising a communi-
cation unit configured to communicate a state of the battery to 10
a controller of the BMS based on the calculated SOH.

20. The BMS of claim 17, wherein the SOH calculation
unit calculates the SOH of the battery as represented in Equa-
tion 1:

15
A pcuatinpus [Equation 1]
. AR pcruatinput ASOC ef1oref2 Ahaged
Aging= = =
Aopeeredi Ahpecteds Alzor
ASOCef15rer2 20
wherein Ah.,ip Al g, refers to an actual charge
amount, and poctediputMpor  Tefers to an
expected charge amount. 25
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